In this work we have done an experimental study of Zinc-Nickel composite coatings. For this, the influence of the cobalt concentration was the principal object in order to improve the resistance of the corrosion of the coatings, which has been made by electroplating on steel substrates previously treated, have been studied by several characterization methods, as the X-ray diffraction, micro-hardness measurement and scanning electron microscopy (SEM), protection against corrosion properties studied by potentiodynamic polarization measurements (Tafel) and electrochemical impedance spectroscopy (EIS) to the potential of corrosion free .
INTRODUCTION
The use of coating as anticorrosive for metal substrates depends mainly on the sacrificial and the protection mechanisms barrier. In industry the main demand is coating substances with the highest resistance of corrosion and smallest thickness, which Zn coatings cannot provide, hence scientists replaced Zn coatings by Zn alloy coatings [1-6] Electroplated binary Zn-Malloys, where metals are an Fe group such as Ni, Co and Fe, exhibit improved properties compared to pure Zn . It is well known that zinc alloys can provide protection of steel against corrosion, with Zn-Ni, Zn-Co and Zn-Fe being most commonly used [7] . A better mechanical property was attended by decreasing the manganese content in coating for automotive applications as well as steel protection in different aggressive environments [6] . It sensed that it will be important to accumulate the Zn-Ni binary alloys properties in one alloy through the electroplating of Zn-Ni-Co ternary alloy.The first aim of our study is to electrodeposite Zn-Ni-Co alloy coatings on two steel substrates with useful form in sulphate bath. The second aim is to make a comparison between Zn-Ni and Zn-Ni-Co alloys for structural phases, morphology of surface and the resistance of corrosion. The ternary alloys are prepared under similar electrolysis conditions like the Zn-Ni binary alloy, the composite coatings have been characterized, morphological (SEM), structural (XRD), and electrochemical properties of the composite coatings have been studied by potentiodynamic polarization and electrochemical impedance spectroscopy in a solution of 3 % NaCl.
EXPERIMENTAL

Coating processes
The electroplating of Zn-Ni coatings was carried out on steel substrates, under conditions at operating current density of 30 A cm −2 and a temperature of 30°С. The chemical composition of the used bath is given in 
Coating characterization
XRD characterization of samples was carried out with a D8 Advance-Brucker using a Cu Kα radiation with the wavelength λ= 0.1540 nm and 0.02° step. Scherrer's formula is used for the determination of the Crystallite sizes of the coatings from the X-ray peak broadening of the (330) diffraction peak [9, 10, 11, 19] :
where D is the grain size, is the X-ray wavelength (λ = 1.5406 A), β is the corrected peak full width at half-maximum intensity(FWHM), and θ is Bragg angle position of peak.
The deposits surface morphology was studied by scaning electron microscope( A JEOL model JSM6390LV), Microhardness of coatings were measured by the use of 100 g load in holding time of 15 s using a Vickers hardness tester (Wolpert Wilson Instruments ,model 402UD) [12] .
Electrochemical measurements
The corrosion behavior and the protection performance of Zn-Ni and Zn-Ni-Co alloy coatings were studied by using of electrochemical impedance spectroscopy (EIS) and electrochemical Tafel extrapolation in 3 % NaCl solution. The tests were performed using a potentiostat galvanostat (a Volta Lab 40 model), the electrode of work was a coated sample, E=500mv. This potentiostatic technique is a powerful tool for evaluation of the nucleation mode by electrocrystallization.
RESULTS AND DISCUSSION
X-ray diffraction
Figure (1) 
3.2.Surface morphology of coatings
The plated coatings morphologies of the different compositions are illustrated in Fig. 2 , The
Zn-Ni alloy coatings showed a homogenous structure, It is clear that the grains size is decreased with the increase of cobalt content in the ternary Zn-Ni-Co deposits [16] .
Consequently, the compactness, adherence and hardness increase with elevation of the Cobalt content .the three coatings were cover the substrate completely without cracks. It is noticeable that the greatest homogeneity and uniformity of the surface morphology of the Zn-Ni-Co coating with 50g/l Co, 
Effect of Cobalt content of the bath on coatings microhardness
The microhardness results are showed in Fig. 3 and Table 2 , showing the change in hardness Cobalt codeposition in the alloy also tends to produce a fine grains size, as observed by SEM.
Corrosion studies
[16] 
Chronoamperometry studies
Chronoamperometry was used to study the electrocrystallization process of Zn-Ni and Zn-Ni-Co alloys composite. at potentials E=500mv . Fig. 7 , the transients can be divided into two zones. We observe that the current density have a maximum value in the first zone, which is typical for the crystal nucleation and growth processes. During this stage, the nuclei develop diffusion zones around themselves. The second zone corresponding to the abrupt drop in the current density, which is typical of a diffusion-controlled process , expressions for The experimental and theoretical data for Zn-Ni alloy coatig and Zn-Ni-Co alloys composite shown in Fig. 7a and 7b. In these figures, Zn-Ni alloy coating deposition corresponds to three-dimensional progressive nucleation growth process with diffusion-controlled growth (Fig. 7a) . For the Zn-Ni-Co alloys composite, the nucleation mode was closer to instantaneous nucleation (Fig. 7b) .This difference may be explained by the adsorption of cobalt on the cathode surface which created additional active nucleation sites during electrodeposition on the mild steel substrate. 
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